Invasive Aspergillus tracheobronchitis is a relatively rare form of invasive pulmonary aspergillosis characterized by invasion of the tracheobronchial tree by Aspergillus spp. Invasive pulmonary aspergillosis is predominantly detected in severely immunocompromised patients. Notably however, pulmonary and tracheobronchial cases of invasive aspergillosis have also been reported, particularly in the context of severe malaria caused by Plasmodium falciparum. Herein, we present a case of invasive Aspergillus tracheobronchitis in a patient with hairy cell leukemia and previous Plasmodium falciparum infection.
Introduction
Invasive Aspergillus tracheobronchitis (IATB) is a unique, relatively rare variant of invasive pulmonary aspergillosis, in which Aspergillus infection is entirely or predominantly confined to the tracheobronchial tree. Three different types of IATB have been described based on bronchoscopic findings; obstructive, pseudomembranous, and ulcerative [1] . Obstructive IATB is characterized by thick mucus plugs, while pseudomembranous IATB is characterized by extensive involvement of the tracheobronchial tree with a membranous layer covering the mucosal surface, and ulcerative IATB is associated with limited involvement of the tracheobronchial tree with focal, ulcerative, or plaque-like processes. IATB most commonly occurs in immunocompromised patients, though cases of isolated tracheobronchial aspergillosis have also been reported in mildly immunocompromised subjects [2] [3] , and more rarely in immunocompetent patients after infection with immunomodulatory microorganisms such as Plasmodium falciparum. Malaria-induced immunosuppression is apparent late in the acute or even during the recovery phase of the disease, occasionally leading to opportunistic infections including invasive aspergillosis [4] [5] . IATB is a rapidly progressive and potentially fatal infection. Comparatively high mortality rates have been reported in severely immunosuppressed hosts including patients with hematological malignancies and transplant recipients [6] . Herein, we report a case of obstructive IATB in a patient with hairy cell leukemia and recent infection caused by Plasmodium falciparum.
Case Report
A 50-year-old Caucasian male who had resided in Cameroon for the past year presented to the Emergency Department complaining of persistent high fever, chills, and excessive fatigue. His medical history included hairy cell leukemia since 2002, with episodes of relapse in 2010 and 2016 for which he received chemotherapy with purine analog drug and with the monoclonal antibody rituximab on addition, during his disease relapse. There was no evidence of disease activity since 2016. One month earlier he had been diagnosed with acute malaria due to Plasmodium falciparum infection in Cameroon, and despite receiving adequate therapy with atovaquone/artesunate, he remained febrile and neutropenic. On admission, physical examination revealed fever of 39.0°C, sinus tachycardia, tachypnea, and splenomegaly. Blood-smear examination revealed leucopenia with a white blood cell (WBC) count of 200/μL, mild anemia with hemoglobin of 7.2g/dL, and thrombocytopenia with a platelet count of 7000/μL. The differential WBC count revealed zero neutrophils, and severe lymphopenia (100/μL). Apart from a mild increase in lactate dehydrogenase (202mg/dL), and moderate hyperbilirubinemia (total/unconjugated=4.25mg/dL /1.12mg/dL), other lab results were unremarkable. He was admitted to the Internal Medicine Department and received de novo therapy against Plasmodium with atovaquone/artesunate and artemether. Due to persistent pancytopenia a bone marrow biopsy was performed, revealing diffuse marrow infiltration (85-90%) by small neoplastic mononuclear lymphoid cells with a characteristic "fried egg" appearance, findings that were consistent with hairy cell leukemia. He was transferred to the Intensive Care Unit (ICU) 4 days later due to acute respiratory failure, persistent high temperature, and severe pancytopenia, despite targeted therapy against Plasmodium falciparum. On ICU admission, chest high resolution computed tomography (HRCT) revealed extensive areas of consolidation bilaterally, surrounded by ground-glass opacity together with multiple randomly distributed parenchymal nodules circumscribed by a ground-glass attenuation halo. There were also bilateral pleural effusions, more pronounced on the right, and enlarged mediastinal lymph nodes ( Figure 1 ). Differential diagnosis included fungal pulmonary infectious process -especially angioinvasive aspergillosisor pulmonary bacterial infection associated with immunosuppression. Treatment against Plasmodium falciparum infection was discontinued after three consecutive negative thick blood films for P. falciparum, and empirical therapy with broad spectrum antibiotics and antifungal therapy with amphotericin-B was initiated. On the following days he exhibited significant clinical deterioration, with progressive respiratory failure, persistent high temperature up to 39.5°C, and pancytopenia.
A second chest CT with intravenous contrast administration revealed deterioration compared to the previous imaging findings. Observations included enlargement of the pulmonary nodules and further progression of the areas of consolidation, which were characterized by the presence of multiple round or lobulated low-density regions with peripheral enhancement as well as areas of parenchymal decreased attenuation and hypoenhancement, indicative of necrosis. Further progression of the bilateral pleural effusions and mediastinal lymphadenopathy were also evident. He had progressively present refractory hypoxemia and was intubated due to severe acute respiratory distress syndrome (ARDS). Following intubation, flexible bronchoscopy was performed revealing complete obstruction of the right main lower bronchus caused by thick mucus plugs with an intensely hemorrhagic appearance (Figure 2 ). Bronchoalveolar lavage (BAL) samples were obtained for microbiological and cytological examination. Microbiological examination was positive for Aspergillus spp . In addition for conventional processing, direct smears were prepared from the fresh BAL samples; slides were fixed immediately in 95% alcohol and stained using Papanicolaou's method [7] . Cytological examination of the BAL fluid revealed hyaline septate mycelium filaments of 2-4 μm in diameter with occasional branching at acute angles, findings consistent with Aspergillus spp. (Figure 3 ) [7] . The patient died 2 days later due to multiple organ failure and severe ARDS.
Discussion
Invasive pulmonary aspergillosis is a life-threatening opportunistic infection, and immunosuppressed patients are particularly susceptible to it [6] . Both the extent and the duration of neutropenia, mainly after chemotherapy, are the major determinants of the risk for invasive pulmonary aspergillosis. Other common risk factors are hematological malignancies, bone marrow transplantation (especially allogeneic), solid organ malignancies, solid organ transplantation, HIV infection splenomegaly, and corticosteroid or other immunosuppressive treatment.
Case Report IATB is a relatively rare form of invasive pulmonary aspergillosis in which Aspergillus infection is entirely or predominantly confined to the tracheobronchial tree Invasive pulmonary and tracheobronchial aspergillosis share common predisposing factors. Notably however, cases of isolated tracheobronchial aspergillosis have been reported in immunocompetent or mildly immunocompromised subjects [2] [3] with conditions such as insulin-dependent diabetes, underlying autoimmune disorders, chronic pulmonary obstructive diseases, and tracheal structural abnormalities. In the majority of tracheobronchial infections Aspergillus fumigatus is identified as the causative species.
Based on bronchoscopic findings, three morphological variants of IATB have been described, obstructive tracheobronchitis, ulcerative tracheobronchitis, and pseudomembranous necrotizing bronchial aspergillosis [1] . The obstructive form is characterized by excessive mucus production, thick mucus plugs, and tracheal and/or bronchial inflammation. Ulcerative Aspergillus tracheobronchitis is characterized by focal, ulcerative, or plaque-like lesions of the tracheobronchial tree. Pseudomembranous Aspergillus tracheobronchitis is the most severe form of IATB, and is characterized by extensive involvement of the tracheobronchial tree, a membranous layer covering the mucosal surface, and a poor prognosis, with mortality rates reportedly reaching up to 78% [8] .
Recently, the following novel classification was proposed by Wu et al. [9] based on bronchoscopic findings: type I, superficial infiltration; type II, full-layer involvement; type III, occlusive (airway occlusion ≥50%); and type IV, mixed. Methods to diagnose aspergillus infection are microscopic interpretation, antigen-based detection examination, molecular test, and culture, which is the gold standard for species-level recognition (demonstration). Species-level diagnosis can be safely made by correlating morphological characteristics in tissue sections with laboratory studies [10] . In the present case, bronchial biopsy was precluded due to severe thrombopenia. Instead of that, we decided to perform bronchoalveolar lavage (BAL) for cytological and microbiological examination. The microbiological examination of the BAL was positive for Aspergillus, and cytological examination was demonstrated cytological smear showing branching hyphae consistent with Aspergillus. Along with the clinical presentation, the severe underlying immunosuppression, CT features, and bronchoscopic findings all criteria are met for proven of IATB [11] .
Relapse of hairy cell leukemia was considered the main predisposing factor for IATB in the present case. Previous reports suggest that although Aspergillus airway infection may complicate the course of various malignant diseases, the highest risk is associated with severely immunocompromised patients with hematological malignancies. Conversely, in patients with hematological malignancies and invasive Aspergillus infections, IATB is the less common form, and is responsible for <10% of Aspergillus infections [8] .
In the present case, concomitant malaria caused by Plasmodium falciparum could also be considered as an additional predisposing factor for IATB, because cases of invasive aspergillo- sis, pulmonary and tracheobronchial, complicating severe malaria caused by P. falciparum have previously been reported [12] [13] [14] [15] [16] .
There is evidence that P. falciparum infection alters immune response by modulating both humoral and cell-mediated immunity [4] . Many components of cell-mediated immunity are reportedly affected by Plasmodium species, including dendritic cell activity, activation of T cells by the dendritic cells, and macrophage function. Given the established role of macrophages and dendritic cells in optimal defense against Aspergillus species [5] , an association between malaria and aspergillosis is apparent. A biphasic dendritic cell response has been reported in animal models [17, 18] . Early during infection or during non-lethal infection, dendritic cells are activated and mature dendritic cells are capable of inducing T cell proliferation [19] . During fatal infection or parasitemia however, dendritic cells are inhibited due to ingestion of increasing amounts of hemozoin, resulting in the induction of T-cell activation. In humans, Plasmodium-induced immunosuppression more commonly appears late in the acute phase of malaria and can persist for a long time after eradication of the parasites. These findings support our hypothesis that in the presenting patient, previous P. falciparum infection was an additional predisposing factor for the manifestation of Aspergillus infection, because the appearance of invasive aspergillosis occurred during the recovery phase of P. falciparum-induced malaria. To date, six cases of malaria-related invasive aspergillosis have been described [18] . The most common clinical manifestations were lung involvement (all cases), hemolysis, ARDS, cerebral malaria, and metabolic acidosis. The reported mortality rate is very high and mortality is mainly attributed to ARDS and cerebral dissemination. In the present case, lung involvement and associated ARDS was considered the primary cause of death.
Voriconazole is the primary choice of treatment for invasive aspergillosis. Liposomal amphotericin B and isavuconazole [20] are alternative options. Isavuconazole is a new extended-spectrum triazole with activity against Aspergillus, a safe profile, and excellent pharmacokinetics.
Conclusions
In conclusion, we present a rare case of obstructive Aspergillus invasive tracheobronchitis in a patient with hairy cell leukemia and previous Plasmodium falciparum infection. In patients who exhibit persistent high fever and unresponsiveness to antibiotics during the recovery phase of P. falciparum-induced malaria, the possibility of invasive aspergillosis or other fungal infections should be considered. Early diagnosis and rapid initiation of appropriate treatment may avert an unfavorable outcome in such cases.
